Abstract Studies have indicated that serum pepsinogen (PG) levels are not only markers for chronic atrophic gastritis but also predictive risk factors for gastric cancer. However, serum PG levels can change because of pathological conditions other than gastritis. We report the first case in which abnormally high serum PG II levels (168.8 ng/mL) led to the discovery of a large tumor covering a wide area in the duodenum, and after resection of the tumor, the serum PG II levels markedly decreased. Because endoscopic and histopathological examinations showed no indications of atrophic changes, inflammation of the gastric mucosa, or Helicobacter pylori infection, the serum PG II levels eventually returned to normal (10.1 ng/ mL). The preoperative abnormally high PG II levels were probably caused by the large duodenal tumor that prevented PG II (which is produced by the duodenal Brunner's glands) from being secreted into the lumen, a condition that increased the amount transferred to the bloodstream. No previous reports have investigated serum PG II levels before and after resection of a large duodenal tumor. We believe this case provides valuable insight regarding the dynamics of PG II in the body and has important diagnostic implications.
Introduction
Pepsinogen (PG) is a simple, noninvasive, and effective serum marker for monitoring the progression of chronic atrophic gastritis (CAG) [1, 2] . PG is an inactive precursor of pepsin, a proteolytic enzyme in gastric juice, and exists in two forms-PG I and PG II [3] . PG I is secreted by the fundic glands, which are primarily involved in gastric acid secretion. PG II is secreted not only by the fundic glands but also by the cardiac, pyloric, and duodenal Brunner's glands. Approximately 99 % of PG is secreted into the gastroduodenal lumen, and the remaining 1 % enters the bloodstream. Gastric mucosal atrophy is accompanied by early decreases in serum PG I levels, but serum PG II levels remain relatively stable. The serum PG I level and the ratio of serum PG I to PG II decrease in stages, which reflects the degree of gastric mucosal atrophy. Therefore, these serum levels can be used as indicators of the progression of gastric mucosal atrophy in patients with CAG. Previous studies have indicated that because the risk of gastric cancer increases with gastric mucosal atrophy in patients with CAG [4] , these PG levels are useful for assessing the risk of gastric cancer in screening tests (PG method) [5] . In Japan, the PG method and measurement of serum antiHelicobacter pylori (Hp) antibody are concurrently used to identify patients at high risk for gastric cancer [6, 7] . These tests are both simple and effective; however, it should be noted that pathological conditions other than gastritis, such as that caused by Hp infection, can cause abnormalities in serum PG levels. In this study, we report a case of a patient who showed a marked decrease in elevated serum PG II levels after endoscopic resection of a large duodenal tumor, which was identified by abnormally high serum PG II levels.
Case report
The patient was an asymptomatic 65-year-old female. Blood tests performed as part of a gastric cancer screening program run by the patient's local government revealed abnormally high serum PG II levels, so she was referred to our department for further evaluation of upper gastrointestinal (GI) tests. Blood tests at the time of her medical examination were serum PG I, 59.6 ng/mL; serum PG II, 168.8 ng/mL; PG I/II ratio, 0.4 (PG method: positive); and Hp antibody, negative (3.0 U/mL). A commercial CLEIA kit (Lumipulse Presto pepsinogen I/II kit; Fujirebio Inc., Tokyo, Japan) was used to measure the serum PG level, and a commercial EIA kit (E-Plate Eiken H. pylori antibody; Eiken Chemical Co., Ltd., Tokyo, Japan) was used to measure serum Hp antibody levels. Her medical history included hypertension, dyslipidemia, and type 2 diabetes, which were being treated with medications. Routine blood test results were almost normal, and the patient was not taking any acid-suppressing drugs. Upper gastrointestinal (GI) endoscopy performed at our department indicated a subcircumferential villous flat elevated lesion over a wide area in the duodenal bulb (Fig. 1a-c) . The anal side of the flat lesion was attached to a long protruding lesion that extended to the second part of the duodenum. The scope could not be reversed within the duodenal bulb because of the protruding lesion, but the entire area could be observed by using a side-view endoscope (Fig. 1d, e) . The 60-mm lesion presented as a 0-IIa ? I type, and biopsy revealed a tubular adenoma. The surrounding gastric mucosa showed no signs of atrophic change, and the biopsy results were negative for Hp. After obtaining informed consent and determining that the patient preferred endoscopic treatment over open surgery, we performed endoscopic resection of the lesions (Fig. 2) . First, to define the area of resection, we performed a circumferential mucosal incision in the region of the duodenal bulb where the 0-IIa lesion was located. Then, using a side-view endoscope, we resected the area where the 0-I lesion was located with a snare, after which it became possible to reverse the scope within the duodenal bulb. We were thus able to perform piecemeal resection of the lesion via endoscopic submucosal dissection and endoscopic mucosal resection. Histopathological analysis revealed that the lesion was a well-differentiated papillotubular adenocarcinoma, with tubulovillous adenoma confined within the mucosa and no lymphatic and venous invasion (Fig. 3a, b) . Given that the resection was performed over a wide area, we performed endoscopic balloon dilatation twice as a preventative measure against stenosis.
We administered a proton-pump inhibitor (PPI) from the day of surgery. On postoperative day (POD) 49, we confirmed scar formation without signs of stenosis and then stopped PPI administration. The serum PG I and II levels on POD 7 were 244 and 39.7 ng/mL, respectively, and on POD 245, they were 55.6 and 10.1 ng/mL, respectively, which indicated a marked decrease in serum PG II levels (Fig. 4) . At 8-month follow-up, there were no signs of cancer recurrence.
Discussion
To the best of our knowledge, this is the first report to describe variations in serum PG II levels before and after resection of a duodenal tumor.
The serum PG level was originally used as a serum marker to measure the degree of CAG [1, 2] . However, because studies have established a correlation between atrophic gastritis and gastric cancer [4] , progression of CAG, which often develops into gastric cancer, has been assessed on the basis of decreases in serum PG I levels and the serum PG I/II ratio, thereby affording an effective means of screening for gastric cancer [5] . The reference values most often used are PG I levels of B70 ng/mL and a PG I/II ratio of B3.0 [1] . Some reports differ with respect to the accuracy of this method for detection of cancer; however, meta-analysis has established a sensitivity of 77.3 % and a specificity of 73.2 % [8] .
Studies have shown that risk assessment using a combination of the PG method and Hp antibody measurements is effective [9, 10] , and consequently, the number of municipalities in Japan that employ this method in medical examinations is increasing. Watabe et al. [9] used the combination of the PG method and Hp antibody measurement to investigate the incidence rate of gastric cancer in the following four groups-group A (PG method, negative; Hp antibody, negative), group B (PG method, negative; Hp antibody, positive), group C (PG method, positive; Hp antibody, positive), and group D (PG method, positive; Hp antibody, negative). In general, patients in group A were not infected with Hp, patients in group B were infected with Hp but presented with only slight atrophy, patients in group C were infected with Hp and presented with advanced atrophy, and patients in group D presented with severe intestinal metaplasia due to advanced CAG, a condition in which it was determined that Hp was naturally killed. On the basis of these results, it was determined that the risk for gastric cancer progressively increased from group A, in which the risk was extremely low, to groups B, C, and D, in which the risk was highest.
On the basis of the above classification, our patient was placed in group D. However, as mentioned above, because patients in group D generally present with highly advanced atrophic gastritis, serum PG II levels are usually low. In addition, all tests performed on this patient indicated no Hp infection. Such patients often present with serum PG II levels of B15 ng/mL. The high serum PG II level (168.8 ng/mL) presented by our patient was, therefore, atypical.
In general, abnormal serum PG levels can be caused by a variety of pathological conditions, including renal failure, acute gastric mucosal lesion (AGML), gastroduodenal ulcer, and ingestion of acid-suppressing drugs (especially PPIs) [11] [12] [13] . Because PG is excreted by the kidneys, renal failure patients present with high serum PG levels; however, the blood and urine test results of our patient at the initial examination indicated normal renal function. It is believed that AGMLs and peptic ulcers cause cell destruction via severe inflammation of the gastric mucosa, which results in the accumulation of large quantities of PG I and II in the blood. However, at the initial endoscopic examination of our patient, no ulcerated lesions were found in the upper GI tract, a biopsy of the surrounding gastric mucosa revealed no signs of active inflammation, and the patient was negative for Hp infection. In addition, although both serum PG I and II levels increase after ingestion of acid-suppressing drugs, our patient had not taken acidsuppressing drugs during the previous 3 months. The PG levels were tested 7 days after tumor resection. Although the serum PG I levels were elevated because of ingestion of PPIs, the serum PG II levels were markedly reduced. On POD 245, which was 6 months after the patient had stopped PPI ingestion, the serum PG I levels had normalized, and the serum PG II levels had further decreased. Because PG staining is a special type of staining, we were unfortunately unable to perform it on the duodenal tumor tissue in the present case. However, we believe it is unlikely that serum PG II levels were elevated because of a PG II-producing tumor for the following reasons. First, although this phenomenon has not been described in duodenal tumors, past studies regarding the association between the results of PG II staining of cancerous tissue and serum PG II levels in gastric cancer have yielded controversial results [14, 15] . Even in the reports from studies that have shown a correlation between PG II staining of cancerous tissue and serum PG II levels in gastric cancer, no patients with markedly high serum PG II levels, as seen in the present patient, were described. Second, although PG II is produced from inside the mucosa within the stomach, it is produced from Brunner's glands located in the submucosa in the duodenum. Thus, we believe it to be unlikely that duodenal tumors confined within the mucosa, such as the one in the present patient, produce PG II.
From this clinical course, it was thought that the abnormally high serum PG II levels identified at the initial medical examination could have been a consequence of the large duodenal tumor. The tumor may have disrupted secretion of PG II, which is produced by the duodenal Brunner's glands and secreted into the duodenal lumen. Normally, about 99 % of PG II is secreted into the duodenal lumen, with only 1 % entering the bloodstream. After tumor resection, secretion of PG II into the lumen normalized, which then could have decreased serum PG II to normal levels. To the best of our knowledge, no report has addressed variations in serum PG II levels after resection of a duodenal tumor. We believe that the proposed mechanism in this case for the increased serum PG II level in a patient with highly advanced atrophic gastritis and no evidence of Hp infection, i.e., a patient who should have had a low PG II serum level under these conditions, provides new insight in the study of PG II dynamics in the body and has a clinical diagnostic implication.
In conclusion, we described a case in which abnormally high serum PG II levels led to the discovery of a large tumor covering a wide area in the duodenum. After resection of the tumor, the serum PG II levels decreased. Our findings indicate that a large duodenal tumor can cause abnormally high serum PG II levels, an observation that should be kept in mind when differential diagnoses are considered.
